and they thus complete the scheme of calculations commenced in our former paper. We find that the conical form of shock wave can never exist for cones with semi-vertical angles greater than 57.60.
PART I-PHOTOGRAPHIC INVESTIGATIONS WITH SLENDER CONES
With the object of providing additional evidence bearing on the work of our first paper, the Ordnance Committee arranged for a series of photographs to be taken showing two-pounder ( and an interrupter connected to a suitably charged electrostatic system. On the passage of the shock wave across the interrupter a spark of short duration was formed at the spark gap, and a record of the air disturbance caused by the projectile was obtained on the plate. In the present investigations the plate was about 5 in. from the path followed by the projectile and was 41 in. from the spark gap. The gap was not positioned opposite the centre of the plate but was displaced slightly in a direction parallel to the flight path of the projectile. The object of this was to minimize the distortion of the image of the nose of the moving body.
Photographs of conically headed projectiles with apex angles of 20, 40 and 600 were obtained with this experimental arrangement at a number of velocities between 1100 ft./sec. and 2000 ft./sec. These photographs are of considerable general interest in addition to their bearing upon the present problem and a complete set, which shows the wave system produced by the cones having an apex angle of 40?, are reproduced in figs. 2-7, Plates 10-12.
The exceptional quality of these prints has enabled accurate measurements of the shock wave angle Ow to be made; these measurements are given in Table I where they are recorded with the appropriate values of the Mach number U/a. This latter quantity was determined from a knowledge of the speed of the projectile and the speed of sound in air corresponding to the temperature prevailing at the time of firing. When these observed values of Ow were compared with the calculated results it was found that, although the agreement was generally good, there were, however, small systematic differences at the lower values of U/a. The evidence suggested that perhaps these calculated values were slightly in error, and this was indeed found to be the case when more refined methods were applied to the step-by-step solution of the governing differential equation. Two points were recalculated for each of the three cones, and the results of these calculations are given in fig. 9 and may be compared with the photograph shown in fig. 3 , Plate 10, which corresponds to a slightly lower value of U/a. It will be noted that the wavelets do not appear in figs. 4-7, Plates 11 and 12, as in these photographs the velocity at the surface of the cone is below the speed of sound corresponding to local conditions, of pressure and density. The surface speed along this particular cone attains this critical value at Ula =134 and thus the furry effect seen near the solid cone in fig. 4 is to be accounted for by the fact that here the speed along the surface is only slightly below the local speed of sound. The conditions near the surface are therefore very sensitive to slight changes in speed and would be affected greatly by any slight yawing motion of the projectile.
All these results afford very satisfactory confirmation of the theory advanced in our earlier paper. We have seen that the angle of the conical shock wave can always be calculated to within a small fraction of a degree of the observed position and that the wave becomes detached from the tip of the cone whenever the conical regime becomes impossible. The vanishing of the wavelets near the estimated value of the Mach number adds still further corroboration to the theory.
In conclusion, two features of general interest which are seen in the photographs may be remarked upon although they do not bear directly upon the main subject of the present paper. First, we note the region of expansion around the shoulder of the projectile to be seen in figs. 2 and 3, Plate 10. In this region the air expands freely until it reaches the position marked by the wavelets arising from the parallel portion of the projectile. This expansion is similar to that occurring in the two-dimensional supersonic flow around a corner, a problem which was investigated many years ago by Meyer (I908).
The second interesting feature is the boundary layer which grows gradually along the surface of the projectile. The boundary layer appears to be turbulent over most of the surface and is seen most clearly when the flow in the neighbourhood exceeds the local speed of sound.
PART II-SHOCK WAVES FORMED BY CONES WITH LARGE APEX ANGLES
In our earlier paper we gave the results of calculations carried out for cones with semi-vertical angles of 10, 20 and 30?, and in the present section we give similar results for semi-vertical angles of 40, 45, 50 and 550. The notation which is used here is the same as that defined in our previous work, the principal symbols being shown in fig. 10 . In addition to the pressures shown in this figure we define po and p3 to be the pressures which correspond to zero speed in the regions in front of and behind the shock wave; the pressure ratios P2/PoI Pl/Po and p3/po are then denoted by the symbols x, y and z respectively.
If u and v are the radial and tangential components of velocity of the air in the region between the solid surface and a conical shock wave, and if c is the maximum speed at which this air could flow under adiabatic conditions, then it has been shown (Taylor and Maccoll I933, equation (8) 
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Numerical solutions of equation (1) were obtained in our earlier work by a method of step-by-step calculation. Thus, commencing with the conditions at the solid boundary, solutions of (1) were built up by giving successive small increments to 0. This method has been applied in several instances in the present work, but an alternative means of solving (1) has also been of considerable value and this latter method may be described as follows.
The boundary conditions at the solid surface are u = u, v = du/dO = 0, and when these values are substituted in (1) we obtain d2u/d2 = -2us. Successive differentiation of (1) The convergence of these series has been investigaated for various combinations: of u.1/C and O., and it has been found that, i'n general,' the series are convergent when. (O -0) does not exceed 20?. They may be used, however, to 'giv'e fairly satisfactory solutilons even when this figure is exceeded. Both series are alternating in character and in practice it was found convenient to stop with the term containing (Od-Os)5, th'is term being multiplied by 0 5 to make allowance for the neglected hiL;her order terms.
When the position of the shock wave is known roughly, the series may be used to obtain the flow conditions in this neighbourhood and the actual positiloning of the wave is then carried out by the process explained in our previous paper.
. Table III Table II.   TABLE IV- These investigations were carried out in the External Ballistic Department of the Ordnance Committee at Woolwich and we have to record our indebtedness and thanks to the Ordnance Committee for providing the necessary facilities. We were assisted in the numerical calculations by Miss E. C. Hearn of the External Ballistic Department. We have also to thank Dr A. D. Crow and Mr T. HIarris of the Research Department for their valuable co-operation in carrying out the photographic work.
SUMMARY
The work of an earlier paper on the flow past a cone at supersonic speeds has been reviewed in the light of results obtained from photographs of two-pounder projectiles in flight and it has been found that the calculated and observed positions of the shock wave are in very good agreement. The methods described in our previous paper were then applied to calculate the shock wave conditions which could exist with cones of vertical angle 80, 90, 100 and 1 10?, and it was found that a conical shock wave could not be formed at the tip of a cone when the apex angle exceeded 115 2?. The main results obtained in both the present and earlier papers have been summarized in two diagrams.
